ABSTRACT RNA interference (RNAi) is phenomenon in which introduced double-stranded RNAs (dsRNAs) silence gene expression through specific degradation of their cognate mRNAs. RNAi has been observed in a wide variety of organisms and is considered to be a feature of nearly all eukaryotes. The mediators of sequence specific messenger RNA degradation are 21-23 nucleotide small interfering RNAs generated by ribonucleaseUJ cleavage from longer dsRNAs. To investigate the potential of dsRNA to interfere with the function of HIV-1 genes, we have designed six longer dsRNAs containing the HIV-1 gag and env genes. Double-stranded RNAs were tested for inhibitory effects using monkey COS cells. In these anti-HIV-1 activity tests, the dsRNAs targeted to the HIV-1 env sequence showed more than 90% anti-HIV-1 efficiency. Our results show that dsRNA interference can be used as a powerful method for the inhibition of HIV-1 gene expression.
INTRODUCTION
RNA interference (RNAi) was discovered by Guo and Kemphues in the course of attempts to use antisense RNA to block gene expression in the maternal germ line. To their surprise, they found that both antisense and sense RNA preparations induced remarkably precise phenocopies of the targeted gene (1).
The RNAi phenomenon is a recently observed process in which the introduction of a double-stranded RNA into a cell causes specific degradation of an mRNA containing the same sequence. Specific loss of gene expression by RNAi has been shown to occur in a variety of organisms including Caenorhabditis elegans, T. brucei, plants, Neurospora, Drosophila, planaria, mouse embryos, and zebrafish (2) (3) (4) (5) (6) . In most of these organisms, the injection of adsRNA longer than 500 base pairs specifically suppresses the expression of a gene with a corresponding DNA sequence, but has no effect on genes with unrelated sequences (7) .
Recent analyses in vitro have suggested that dsRNAs may be copied, or converted, into 21-23 nucleotide guide RNAs that direct the nucleases responsible for RNA to their homologous mRNA targets. Such small RNAs are also associated with gene silencing in plants (8) (9) . However, the mechanisms of RNAi remain largely unknown.
Here, we show that dsRNA is effective as a specific inhibitor of the expression of HIV-1 genes. We synthesized six long dsRNAs containing the HIV-1 gag and env genes. The dsRNAs were assessed for inhibitory effects on monkey COS cells. In these anti-HIV-1 activity tests, the six dsRNAs showed more than 85% anti-HIV-1 efficiency. These results suggest that RNAi with dsRNA might be a useful method to prevent HIV-1 gene expression.
RESULTS AND DISCUSSION
To study dsRNA-mediated gene interference, we have designed six long dsRNAs containing the HIV-1 gag and env genes (Figure 1) . We synthesized the RNA in vitro, and HIV-1 structure gene 5' LTR pol gag env 1
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Figure 1. The target sites of the dsRNAs used in this study and described in the text. The target regions for the dsRNAs are indicated as black bars below the coding region of the HIV-1 genes. Double-stranded RNAs were generated corresponding to the HTV-1 gag (Gl;737 and 1184-448bp, G2;1155 and 1595-441bp, G3;1564 and 2010-447bp) and env (El;6191 and 6712-522bp, E2;7070 and 7600-53lbp, E3;.772O and 8186-467bp) genes.
the templates used for the synthesis of each dsRNA were the products of PCR reactions using primers designed to amplify limited regions of the cDNA sequence for each gene. The PCR products were directly used for in vitro transcription with either the SP6 or T7 RNA polymerase.
To make the dsRNA, equimolar quantities of sense and antisense RNAs were annealed. The formation of dsRNA was confirmed by migration on an agarose gel. Efficient cellular uptake of the dsRNAs is a critical step to enable targeting to the mRNA. We examined the cellular uptake of fluorescently-labeled-dsRNAs by treating COS cells with several kinds of transfection reagents. When we used Lipofectin, the transfection efficiency was 94% at 24h post transfection (data not shown).
To test whether dsRNAs can inhibit expression from plasmid templates, we transfected each dsRNA and pNL4-3 plasmid into COS cells. The virus production in the culture -10 3 Gl G2 G3 El E2 E3 C Figure 2 . dsRNA-mediated antiviral activity in COS cells. dsRNAs (2ug) complexed with cationic lipids were transfected first, followed by pNL4-3 (2ug) after 5h. At 3 days post transfection, p24 antigen production was detected by ELISA. The p24 expression in the presence of the 531bp E2-dsRNAswas decreased over 10-fold as compared to the untreated contol. Bars represent means ± standard errors of the means of triplicate experiments.
inhibitory effects on HIV-1 replication were detected with the 531bp E2-dsRNAs containing a major CD4 binding domain sequence of gp 120 as the target of the HIV-1 envgene ( Figure 2 ). These results suggest that dsRNA can be an effective, specific inhibitor of the expression of HIV-1 genes.
